Introduction: Occurrence of asthma has been reported to be frequent in endurance athletes and especially high in winter sport athletes. Recently, the International Olympic Committee has restricted the use of inhaled ␤ 2 -agonists and requires documentation for their use. However, epidemiologic data comparing the use of antiasthmatic medication in different sport events are mostly missing. Methods: A cross-sectional questionnaire survey was carried out in 2002. All the athletes (N ϭ 494) financially supported by National Olympic Committee comprised the study group. Of them, 446 (90.3%) filled in a structured questionnaire concerning asthma and allergies, use of medication, characteristics of sport activities, and smoking habits. A representative sample of Finnish young adults (N ϭ 1 504) served as controls. Results: Physician-diagnosed asthma was more common in athletes as compared with controls (13.9% vs 8.4%). Use of any asthma medication was reported by 9.6% of the athletes and by 4.2% of the controls. No difference was observed in the frequency of asthma medication used by winter or summer sport athletes (10.0% vs 9.4%). Inhaled ␤ 2 -agonists were used by 7.4% and 3.0% of the athletes and controls, respectively. After adjusting for age, sex, and smoking, odds ratio with 95% confidence interval for use of any asthma medication was 0.69 (0.17-2.92) for motor skills demanding events, 1.87 (0.85-4.11) for speed and power sports, 3.00 (1.68 -5.37) for team sports, and 4.16 (2.22-7.78) for endurance events as compared with controls. None of the athletes used antiasthmatic medication without physician diagnosis. Conclusions: The frequency of antiasthmatic medication is clearly lower than the occurrence of physician-diagnosed asthma in Finnish Olympic athletes. No evidence of overuse of inhaled ␤ 2 -agonists is found.
I
n the summer Olympic Games, 4 -15% of participating athletes have reported physician-diagnosed asthma (3, 22, 23) . Twenty-two percent of the U.S. Olympic athletes who participated in 1998 Winter Olympic Games reported physician-diagnosed asthma (25) . Use of antiasthmatic medication was reported by 7-18% of these athletes (3, 22, 23, 25) .
Asthma is most common among those competing in endurance events, such as cycling, swimming, cross-country skiing, and long-distance running (8, 9, 12, 14, 21, 24) . Occurrence of asthma has been somewhat higher in winter than in summer sports athletes (3, 8, 9, 12, 14, (21) (22) (23) (24) (25) . Use of antiasthmatic medication has been reported by 15-38% of these athletes (8, 9, 14, 21) . The most commonly used antiasthmatic medication has been inhaled ␤ 2 -agonists followed by inhaled corticosteroids.
Recently, the International Olympic Committee (IOC) has restricted the use of inhaled ␤ 2 -agonists and requires documentation for their use (17) . Most published evidence suggests that no ergogenic effects of these drugs on athletic performance can be observed (2, 13, 16) . Regular long-term use of inhaled ␤ 2 -agonists without anti-inflammatory treatment increases airway responsiveness to nonallergic stimuli and enhances allergen-induced late bronchoconstriction, as well as airway inflammation (1) . As athletes are repeatedly and strongly exposed to various airborne allergens, the regular use of these agents without anti-inflammatory treatment may be extremely harmful (6) .
A few studies of elite athletes have included reports of used antiasthmatic medication (3, 5, 8, 23, 25) . However, these studies have included only winter or summer sport athletes and do not include representative control samples. No study has been specifically designed to compare occurrence of antiasthmatic medication between different sport events.
In a recent study, Nystad and coworkers (18) reported the prevalence of asthma in a large sample of Norwegian national-level athletes (N ϭ 1082) compared with the general population (N ϭ 1038). However, the questions concerning asthma were only part of a more extensive questionnaire, and the authors do not specify used medications. The actual response rate in this asthma study was only 67%, and results were not compared between winter and summer sport events. No study has reported the prevalence of asthma and use of asthma medication among elite athletes after the IOC restricted the use of inhaled ␤ 2 -agonists in 2002.
To investigate frequency of antiasthmatic medication use and factors associated with it, we examined a large sample of Finnish elite athletes using a structured questionnaire. Their results were compared with a representative sample of young adults.
METHODS
Study design for athletes. A cross-sectional questionnaire survey was carried out during May-October in 2002. In Finland, the National Olympic Committee provides financial support for: 1) athletes with Olympic Medal possibilities (N ϭ 54), 2) athletes who probably will participate in the next Olympic Games (N ϭ 109), and 3) young athletes who probably will participate in the Olympic Games in the future (N ϭ 132). The National Olympic Committee supports financially also Olympic team sport events and some non-Olympic events such as orienteering and ski-orienteering (N ϭ 199). All these athletes (N ϭ 494) comprised the source population for this study. They were asked to complete the questionnaire on their national team camps during the study period. Of them, 446 (90.3%) filled in a structured questionnaire (8, 10) and signed written informed consent. The athletes were divided into four groups according to their type of sport. The four groups were speed and power sport athletes, endurance athletes, athletes in motor skills demanding events, and team sport athletes ( Table 1 ). The characteristics of the four study groups are given in the Table 2 .
Control subjects. The reference group consisted of persons aged 18 -29 Questionnaire. Both athletes and control participants answered to similar structured questions (8, 10) . Athletes had the possibility of consulting with the author (A.A.) when filling out the questionnaire. In case the athlete was injured and did not participate in training camp, the questionnaire was sent to the athlete by mail. All the questionnaires were filled in anonymously, and were confidentially analyzed and reported.
Questions concerned asthma, exercise-induced bronchial symptoms, use of asthma and allergy medication, characteristics of sport activities, educational level, and smoking habits. Subjects were asked the following questions: 1) "Do you have asthma diagnosed by a physician?" If the subject answered positively, he was considered to have asthma. All the subjects were asked 2) "Do you currently use any asthma medication for it?" Subjects were also asked to name all the physician-prescribed preparations they had used during the previous 12 months.
All the subjects were asked about their smoking habits: 3) "Have you smoked more than 100 cigars or cigarettes in your life?" 4) "What is your current smoking status: (a) daily smoker, (b) occasional smoker, (c) nonsmoker?" 5) "When was the last time you smoked (a) today or yesterday, (b) 2 d to 1 month ago, (c) over 1-6 months ago, (d) over 6 months to 1 yr ago, (e) 1-5 yr ago, (f) over 5-10 yr ago, or (g) over 10 yr ago?" If the subject had smoked fewer than 100 cigars/cigarettes during his lifetime, he was considered to be a never smoker. If the subject had smoked over 100 cigars/cigarettes and had smoked for the last time more than 1 month ago, he was considered to be an ex-smoker. If the subject answered positively to question number 3 and answered daily or occasional smoker to question number 4, he was considered to be a current smoker.
Athletes were also asked: 6) "How often do you have cough, shortness of breath, or wheezing in connection to exercise (each symptom asked separately): (a) daily, (b) weekly, (c) monthly, (d) in connection to respiratory infections, or (e) never?" Antiasthmatic and allergy medication were classified as inhaled ␤ 2 -agonists, inhaled corticosteroids, cromones (sodium cromoglycate and nedocromil), leukotriene antagonists, and oral antihistamines. Inhaled ␤ 2 -agonists were further classified as short-acting (salbutamol and terbutaline) and long-acting (salmeterol and formoterol) ␤ 2 -agonists.
Statistical methods. The sample-size requirement was calculated using a study power of 80%, a Type I error ␣ of 0.05, and an estimated occurrence of 10% and 5% for use of antiasthmatic medication in the athlete and control group, respectively. A total of 434 study subjects in both groups was required to identify a 5% difference in medication rates between these groups.
Odds ratios (OR) for the presence of antiasthmatic medication and their 95% confidence intervals (95% CI) for different athlete groups compared with controls were analyzed using a logistic regression model (SPSS 10.0 software). Age, sex, smoking status, and type of sport were included as independent covariates in the analysis. Significance of the covariate terms was tested with likelihood ratio statistics and expressed as exact P values.
RESULTS
Physician-diagnosed asthma was reported by 13.9% (62/ 446) of the athletes and by 8.4% (126/1504) of the controls (Table 3) . After adjusting for age, sex, and smoking, OR (95% CI) for physician-diagnosed asthma was significantly higher among endurance and team sport athletes as compared with controls (Table 4) . After adjusting for age, sex, and smoking, the prevalence of asthma did not differ significantly between winter and summer athletes (OR, 1.60; 95% CI, 0.89 -2.85). Of the asthma-like symptoms, the occurrence of wheezing varied significantly (P ϭ 0.004) by type of sport and was most often reported by endurance athletes.
Athletes reported use of any antiasthmatic medication significantly more often than the controls (9.6% vs 4.2%) ( Table 3) . After adjusting for age, sex, and smoking, OR for any asthma medication use was significantly higher among endurance and team sport athletes as compared with controls (Table 4 ). No statistical difference was found in the absolute frequency (10.0% vs 9.4%) or in age-, sex-, and smoking-adjusted OR between winter and summer athletes (OR, 1.26; 95% CI, 0.64 -2.48). Of the athletes with asthma medication, 77% used medication on a regular basis. Female athletes used asthma medication significantly more often than their male counterparts (13.0% vs 6.9%, P ϭ 0.02). Inhaled ␤ 2 -agonists were the most commonly used antiasthmatic drugs in all athlete groups. Inhaled ␤ 2 -agonist use was reported by 7.4% (33/446) of the athletes and 3.0% (45/1504) of the control subjects (Table 3 ). Long-acting ␤ 2 -agonists (salmeterol, formoterol) were reported by 2.7% and 0.3% and short-acting ␤ 2 -agonists (salbutamol, terbutaline) by 6.3% and 2.9% of the athletes and control subjects, respectively. Of the athletes, 4.0% (18/446) reported using inhaled ␤ 2 -agonists on a regular basis and 3.4% occasionally or when needed. A total of three athletes reported regular use of inhaled ␤ 2 -agonists without inhaled corticosteroid medication. Similarly, inhaled corticosteroids were reported by 6.3% (28/ 446) and 1.9% (28/1504), cromones by 1.6% (7/446) and 0.2% (3/1504), and leukotriene antagonists by 0.7% (3/446) and 0% of the athletes and control subjects, respectively. Of the athletes, 5.4% used inhaled corticosteroids on a regular basis and 0.9% when needed. None of the athletes used antiasthmatic medication without having reported physician-diagnosed asthma. Age, sex, and smoking adjusted OR (95% CI) for use of inhaled ␤ 2 -agonists and inhaled corticosteroids are represented in Table 4 .
Nineteen (30%) of those athletes having physician-diagnosed asthma reported not using asthma medication at all. Of the control subjects having physician-diagnosed asthma 63 (50%) reported not using asthma medication at all. As adjusted for age, sex, and smoking, the difference was not statistically significant (P ϭ 0.09).
A significant difference was observed in the frequency of oral antihistamine use between different sport events. After adjusting for age, sex, and smoking, OR (95% CI) for use of oral antihistamines was significantly higher among endurance athletes as compared with controls (Table 4) .
DISCUSSION
As expected, the prevalence of asthma was nearly two times more common among elite athletes as compared with control subjects of the same age. Similarly, the use of asthma medication was over two times more frequent among athletes than controls. However, the frequency of reported asthma medication use was clearly lower than the number of physician-diagnosed asthma cases in athletes. Based on this data and as compared with earlier reports of asthma prevalence in Olympic athletes (23, 25) , there are no signs of inhaled ␤ 2 -agonists overuse in Finnish Olympic athletes.
Validity of the data. The response rate of the study was excellent exceeding 90% for the athletes and was over 80% for the control subjects representing Finnish people of the same age. The studied outcome variable, use of antiasthmatic medication, was based on previously used questions by the National Public Health Institute. The current study of athletes was based on a self-administered questionnaire, whereas corresponding data on control subjects were obtained through face-to-face interview. Interview data on specific medication for bronchial asthma cannot be accurate if the patient misunderstands or forgets either the indication or the nature of the treatment or is unwilling to report it. As the diagnosis of asthma is conceptually clear, however, its diagnosis is easily communicated by the doctor to the patient. This has been shown to be accurately verified by an interview (10) . The Mini-Finland Health Survey (10), from which our questions regarding asthma were adapted, showed good agreement in asthma between a clinical examination by physician, a home interview by public health nurse, and the same questions of a self-administered questionnaire as used in the current study (data not shown). No considerable doubt remains that this also concerns survey data on antiasthmatic medication. The principal aim of this study was to evaluate use of antiasthmatic medication in Finnish elite athletes as compared with people at large. Use of pulmonary function tests for all athletes and controls would have increased obtained information. However, introducing the new IOC regulations (including eucapnic hyperventilation test, histamine/metacholine challenge test, exercise challenge test, and bronchodilatation test) would have required nearly 8000 pulmonary function tests in the present study, which obviously is not possible. Previously, Lumme et al. (15) and Helenius et al. (9) have shown that highly trained athletes with physician-diagnosed asthma nearly always show also increased bronchial responsiveness and eosinophilic airway inflammation. In fact, occurrence of asthma based on pulmonary function testing has been much higher in these studies than occurrence of physician-diagnosed asthma as reported by the athletes.
A total of 4.2% of the control subjects reported use of asthma medication, which is a similar prevalence rate as recently reported among the Finnish general population (4) . In all athlete groups, participants were dedicated athletes as indicated by their training amount. The athletes represented the highest level of sports in Finland. Distribution of men and women as well as the number of daily smokers and nonsmoker were not exactly the same between athlete and control groups. However, these confounding factors were adjusted using logistic regression models. Sample-size requirement for athletes was calculated using established study power (80%) and Type I ␣ error of 0.05. This gave 434 athletes, which we managed to recruit.
Comparison with earlier data. Occurrence of asthma has been higher in winter than in summer sports athletes (3, 8, 9, 14, (21) (22) (23) (24) (25) . Larsson et al. (14) observed that asthma as defined by a positive methacholine challenge test and at least two exercise-related symptoms affected 33% of crosscountry skiers and 3% of the control subjects. If a previously diagnosed asthma was included in the analysis, this occurrence increased up to 55%. Of these athletes, 36% used antiasthmatic medication, which included most often inhaled ␤ 2 -agonists, followed by inhaled corticosteroids, and cromoglycate. Sue-Chu et al. (21) investigated 118 crosscountry skiers from Norway and 53 from Sweden. Using similar definitions, asthma was found in 12% of the Norwegian and in 42% of the Swedish skiers. Of them, 16% and 38%, respectively, reported use of inhaled ␤ 2 -agonist, and 4% and 23% use of inhaled corticosteroids.
Helenius and Haahtela (6) studied 253 Finnish summer sport athletes using a similar questionnaire than in the present study. Use of antiasthmatic medication was reported by 10% of the speed and power athletes, by 22% of the long-distance runners, and by 21% of the swimmers studied. The most commonly used medication was inhaled ␤ 2 -agonists. These figures are significantly higher than those reported in the present study, in which 9% of all athletes reported use of any antiasthmatic medication. The figures for use of inhaled ␤ 2 -agonists and inhaled corticosteroid were even lower. In accordance with the study of Helenius and Haahtela (6), use of antiasthmatic medication was most frequent in endurance athletes. However, the present study included all the athlete groups financially supported by the National Olympic Committee. The occurrence of asthma medication use was significantly lower among athletes in motor-skills demanding events as compared with other sport groups (2.7% vs 14.8% among endurance athletes), and this lowers somewhat the occurrence of asthma medication use in the whole athlete group. It can also be argued that selfselection may have happened so that asthmatic athletes could not achieve the highest athletic level, which then would lower the occurrences for asthma and antiasthmatic in these groups. However, Potts (19) studied 735 swimmers using respiratory-symptom questionnaire, and observed that occurrence of asthma was most common in the international-level swimmers group as compared with junior or national-level swimmers.
In contrast with previous findings (3, 8, 9, 12, 14, (21) (22) (23) (24) (25) , no significant difference was observed in the frequency of antiasthmatic medication between winter and summer athletes. Females used significantly more often medication than did males. Occurrence of asthma has been higher in females than in males in swimmers and also in other athlete groups (9, 19, 20) .
Between 1994 and 2000, the use of asthma medication increased by 42% in Finnish general population (4). However, during recent years, use of asthma medication seems to have lowered in the Finnish athlete population (8) . In general population, the use of preventive medicines (inhaled corticosteroids) has grown more rapidly than symptom relieving, short-acting ␤ 2 -agonists. Since 1994, the ratio of defined daily doses of preventers to those of relievers has exceeded 1.0 (4). In contrast, inhaled ␤ 2 -agonists are still most commonly used antiasthmatic medication, although eosinophilic and neutrophilic airway inflammation affects every fifth athlete (7, 11, 15) .
The IOC has recently restricted use of inhaled ␤ 2 -agonists and requires documentation for their use in the Olympic Games (17) . In the present study, no overuse of inhaled ␤ 2 -agonists or antiasthmatic medication was found in Finnish Olympic athletes. The low occurrence of asthma in the present as compared with previous studies (8, 9, 12, 14, (21) (22) (23) 25) suggests that underdiagnosis may still exist in this athlete population. Because only two-thirds of the asthmatics in this study used antiasthmatic medication, undertreatment may also occur. Similarly, of the asthmatic controls 50% used antiasthmatic medication. However, their requirements for respiratory system during exercise performance are much less.
In conclusion, the frequency of reported antiasthmatic medication was clearly lower than the reported occurrence of physician-diagnosed asthma in a large sample of Finnish Olympic athletes. Use of asthma medication was most frequent in endurance athletes, but no difference was observed between winter and summer sport athletes. Female athletes used antiasthmatic medication more often than males. No evidence of overuse of inhaled ␤ 2 -agonists was found. Treatment of airway inflammation seemed unsatisfactory.
